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Abstract 
The capacity of tartaric acid (TA) treated bagasse for adsorption of methylene blue (MB) dye from 
aqueous solution was studied in batch experiments.  The effect of relevant parameters such as function of 
pH, adsorbent dosage, contact time, and initial MB dye concentration was evaluated. The adsorbent was 
characterized using Fourier Transform Infrared Spectroscopy (FTIR), and Scanning Electron Microscopy 
(SEM). Experimental data were analyzed in terms of pseudo-first order, and pseudo second order. The 
results showed that the adsorption process of MB dye followed well pseudo-second order kinetics. The 
adsorption data of MB dye at 300, 303, 313, 323, 333 K are corresponded to Langmuir, and Freundlich 
isotherms. The adsorption process followed the Langmuir isotherm as well as Freundlich isotherm. 
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1. Introduction 
Color effluents have been generated ever since the dyeing technique was discovered. A variety of 
synthetic dyestuff emerged in the effluents from different industries (e.g. dyestuff, textiles, leather and 
paper). To date, there are over 100,000 types of dyes, with more than 700,000 tonnes of dyestuff  
generated annually, which can be categorized based on their structure as anionic and cationic [1]. 
Discharge of dyes into water resources not only affects their aesthetic nature but destroys aquatic life due 
to strong color, high biochemical oxygen demand (BOD), chemical oxygen demand (COD), total organic 
carbon (TOC), and suspended solids [2]. Dyes can also cause harsh damage to living organisms such as  
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dysfunction of brain, kidney, reproductive system, liver, and central nervous system [3]. Consequently, it 
is essential to discover low-cost and effective methods to resolve dye pollution problems.  
During the past few decades, a wide range of wastewater treatment techniques such as chemical 
coagulation, activated sludge, trickling filter, and photo-degradation have been used [4]. Nevertheless, 
owing to characteristic of dyes molecular structure, the conventional techniques of wastewater treatment 
are ineffective for dyes removal [5]. Recently, application of low-cost materials as adsorbents for dyes 
removal attracts widespread attention.  
In the present study, bagasse- a by-product from sugar milling industry in Malaysia has been used as 
low-cost adsorbent for MB dye removal. The effects of various experimental parameters on the 
adsorption of MB were studied. The experimental data were fitted to various kinetics and isotherm 
models.   
2. Materials and Methods 
2.1. Preparation and characterization of bagasse 
The collected bagasse was thoroughly washed with distilled water for several times to remove dust. It 
was then dried under sunlight and was then ground to fine powder using the Retsch Mill Grinder. To 
prepare the TA modified bagasse, 1 g of dried bagasse was stirred with 12 mL of 0.5 M TA. The mixture 
was dried at 50 oC in an oven. After 24 h, the thermochemical reaction between acid and bagasse was 
carried by raising the oven temperature to 120 oC for 90 min.  The heated material was then cooled to 
room temperature and was washed with room temperature distilled water until turbid residual solution 
turned clear. The bagasse was then soaked in 0.1 M NaOH in a suitable ratio and stirred for 60 min, 
followed by washing with room temperature distilled water to remove residual alkali until the residual 
solution reached the level of pH 7. The wet TA modified bagasse was dried at 50oC until constant weight 
was achieved. The dried adsorbent was sieved to obtain the desired particle size (125-250 μm) and 
preserved in desiccators for use.  
Surface texture of bagasse was analyzed using scanning electron microscopy (SEM). Fourier transform 
infrared spectrometer was used to analyze the functional groups on the surface of bagasse. The spectral 
range varied from 4000 to 400 cm-1.  
2.2. Methylene Blue 
The basic dye, MB (CI 52015, chemical formula= C16H18CIN3S.2H2), FW=319 g/mol, nature= basic 
blue, Ȝmax=665 nm) was obtained from MF Chemicals.  
2.3. Experimental methods 
Adsorption studies were performed by shaking 0.4 g of adsorbents together with 100 mL of dye 
solution of known concentration and pH in a 250 mL Erlenmeyer flask. The flask was then shaken in a 
WiseCube incubator shaker at 125 rpm at a specific temperature and time. The supernatant liquid portion 
was withdrawn from the flask and was centrifuged at 4000 rpm for 30 minutes. The Shimadzu UV 
Visible Spectrophotometer (Model UV-1601 PC) was used to measure the dye concentration before and 
after treatment at 665 nm. The pH of the initial dye solution was adjusted by the addition of dilute 0.1 M 
HNO3 or 0.1 M NaOH solutions. In the present study, various dye concentrations (100-300 mg/L), pH (2-
10), and adsorbent dosages (0.2-1.0 g) were used.  
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The chemical oxygen demand (COD) was determined according to the procedure in the APHA 
Standard Methods [6], Method No.5220D (closed reflux, colorimetric method). COD measurement was 
done at 620 nm by a spectrophotometer (HACH DR/2010).  
The amount of dye adsorbed onto the adsorbent was calculated by:  
ݍ௘ ൌ ሺ಴೚ష಴೐ሻೇೈ                                        (1) 
The decolorization efficiency was calculated by:  
ܿ݋݈݋ݎሺΨሻ ൌ ଵ଴଴ሺ஼೚ି஼೐ሻ
஼బ
                                                                                                                   (2) 
The COD reduction efficiency was calculated using: 
ܥܱܦሺΨሻ ൌ ଵ଴଴ሺௌೌିௌ್ሻ
ௌೌ
                                                                                                                    (3) 
where qe is the amount (mg/g) of dye adsorbed at equilibrium, Co and Ce are the initial and equilibrium 
liquid-phase concentration of dye, respectively (mg/L), V is the volume of solution (L) and W is the mass 
of the adsorbent (g), Sa and Sb are the initial and equilibrium COD concentration (mg/L), respectively.   
3. Results and Discussions 
3.1. Characteristics of bagasse 
Surface functional groups of bagasse adsorbent significantly experienced chemical changes during 
acid modification. After TA acid modification, a few new peaks were found such as 1425 cm-1 represents 
carboxylic acids in plane OH bending and C-O stretch of dimmers. 1323 cm-1 shows salts of carboxylic 
acids group. The band of 1054 cm-1 corresponds to Si-O-C stretching associated with silanes groups and 
peak of 659 cm-1 represents C-Cl stretching associated with C-Cl group. These spectroscopic results 
suggest that the introduction of the new functional groups through TA modification may effectively 
convert bagasse to highly adsorbing materials [7].  
The surface structure of bagasse was analyzed using SEM before and after TA modification with a 
magnification of 500x. As shown in Fig. 1a, before acid modification, the surface of the bagasse was 
smooth with a few tiny pores. However after TA modification (Fig. 1b), surface morphological changes 
can be seen. The surface becomes uneven with a few pores.  
 
Fig. 1. SEM image of (a) raw bagasse (b) TA modified bagasse 
3.2. Effect of pH on color removal and COD reduction 
The adsorption behaviour of the TA modified bagasse was studied at varying pH range of 2.0-10.0, 
100 mg/L initial MB dye concentration with 0.4 g adsorbent (125-250 μm) at room temperature (27±1 oC) 
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for 34 minutes equilibrium time.  These values were determined based on the preliminary and 
optimization study in our previous work. Adsorption of MB dye aqueous solution using TA modified 
bagasse was unfavourable at pH<7. This is because MB-the basic dye, which upon dissolution release 
colored dye cations into solution. Adsorption of this positively charges dye group onto adsorbent surface 
is influenced by the surface charge on the adsorbent. The existing of additional H+ ions at low pH reduced 
the adsorption capacity of the adsorbent due to competition with dye cation for adsorption [2]. Hence pH 
9.0 was preferred for the study of the effect of other system variables. 
3.3. Effect of dye concentration  on color removal and COD reduction 
The experiment was carried out at fixed adsorbent dosage (0.4 g), at room temperature (27±1 oC), pH 
9.0 at various initial MB dye concentrations (100-300 mg/L) for different time intervals (1-35 min). 
Although percentage of color removal and COD reduction decreased with initial dye concentration; the 
actual amount of dye adsorbed per unit mass of adsorbent increased with dye concentration. The initial 
dye concentration provides the essential driving force to get over resistances to the mass transfer of MB 
between the aqueous and the solid phases. The higher initial dye concentration enhances the interaction 
between the adsorbates and adsorbents. Therefore 300 mg/L of initial dye concentration has a higher 
adsorption uptake compared to 100 mg/L of initial dye concentration [8]. Similar trends can be seen for 
percentage of COD reduction.  
3.4. Effect of adsorbent dosage  on color removal and COD reduction 
The effect of adsorbent dosage was studied by varying the adsorbent dosage (0.2-1.0 g) in the test 
solution, for 300 mg/L initial MB dye concentration, room temperature (27±1 oC), and pH 9.0. The 
percentage of color removal increased from 75.86 %  to 99.91 % as the adsorbent dosage increased from 
0.2 g to 1.0 g, respectively, at equilibrium time. The corresponding COD reduction is from 75.47 % to 
99.50 %. Increasing adsorbent dosage leads to increase in surface area of adsorbent and hence more 
adsorption sites are available to adsorb MB dye aqueous solution. This results in shorter equilibrium time 
at higher adsorbent dosage [9].  
3.5. Adsorption kinetics for the removal of MB dye aqueous solutions 
In order to investigate the potential rate controlling step such as the mass transfer or chemical reaction 
processes, pseudo-first order model and pseudo-second order model were tested on these experimental 
data.  
Pseudo-first order model was proposed by Lagergren [10]. The model can be written as:  
݈݊ ቀͳ െ ௤೟
௤೐
ቁ ൌ െ݇ଵݐ                                                                                                                        (4)  
where k1 is the rate constant of pseudo-first order model (h-1), qe (mg/g) is the amount of equilibrium 
uptake, qt (mg/g) is the amount of solute adsorbed at any time, t, and is given by Eq. (5).  
ݍݐ ൌ
ሺܥ݋െܥݐሻܸ
ܹ
                                                                                                                                      (5) 
where C0 (mg/L) is the initial solute concentration, Ct (mg/L) is the solute concentration at respective 
time, t, V is the volume of the MB dye solution (L) and W is the weight of the adsorbent (g).  
Pseudo-second order model [11] based on equilibrium adsorption can be expressed as:  
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where k2 (g/mg.h) is the pseudo-second order rate constant.  
Both k1 and k2 values from Eqs. (4) and (6) can be obtained from the slopes of the plots ݈݊ ቀͳ െ
௤೟
௤೐
ቁ 
versus t (Fig. 2a) and ͳ
ݍݐ
െ
ͳ
ݍ݁
versus ͳ
ݐ
 (Fig. 2b), respectively.  
 
Fig. 2. The plot for (a) pseudo-first order (b) pseudo-second order 
The qt calculated values (qt,cal) are compared with the experimental values (qt,exp).  The results show 
that for pseudo-second order model, the values of qt,cal and qt,exp are very close and the r2 values is 0.99, 
while for pseudo-first order model, there are appreciable differences between the qt,cal and qt,exp values and 
the r2 values is lower compared to pseudo-second order model. This shows that the adsorption of MB dye 
from aqueous solution using TA modified bagasse follow pseudo-second order model.  
3.6. Adsorption isotherm for the removal of MB dye aqueous solutions 
The adsorption study under equilibrium condition could be expressed by the Langmuir, and Freundlich 
isotherms. Langmuir adsorption model [12] is based on the assumption that maximum adsorption occurs 
at specific homogeneous sites within the adsorbent. This model can be expressed as:  
ܥ݁
ݍ݁
ൌ
ͳ
ܳͲܭܮ
൅
ܥ݁
ܳͲ
                                                                                                                        (7) 
where Ce is the concentration of MB remaining in the solution at equilibrium (mg/L), Q0 is the amount of 
MB adsorbed by unit mass of adsorbent that is required to cover an adsorbent surface completely as a 
monolayer (mg/g), and KL (L/mg) is the Langmuir constant related to the affinity of the binding sites. The 
linear plot of ஼೐
௤೐
 verses Ce suggests the applicability of Langmuir isotherm model for the present system. 
This shows the formation of monolayer coverage of the adsorbate at the outer surface of the adsorbent. 
The values of Q0 and KL were determined from the linear plot and their values are given in Table 1.  
Freundlich isotherm assumes heterogenous adsorption due to the diversity of adsorption sites [13]. 
Freundlich equation is given as:  
݈݊ݍ௘ ൌ ݈݊ܭி ൅ ቀ
ଵ
௡
ቁ ݈݊ܥ௘                                                                                                                    (8) 
where KF is Freundlich constant, 1/n is adsorption intensity. A value of n>1 represents favourable 
adsorption conditions [7]. Values of KF and n as shown in Table 1 are calculated from the intercept and 
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slope of the plot ln qe versus ln Ce at various temperatures.  
The Langmuir isotherm shows a very high regression coefficient (0.96-0.99) as compared to 
Freundlich isotherm (0.85-0.92). Though the relatively higher r2 values of Langmuir isotherm indicates 
that it is more preferable than Freundlich isotherm but the closeness of these values indicates that both of 
them are almost equally obeyed. It can be concluded that probably the surface of the bagasse contains 
heterogeneous moieties which are uniformly distributed on the surface which accounts for both Langmuir 
and Freundlich adsorption isotherms. 
Table 1. Langmuir and Freundlich isotherm model constants and correlation coefficients for adsorption of MB onto TA modified 
bagasse 
Isotherms Solution 
temperature (K) 
Constants r2 
Q0 (mg/g) KL(L/mg) 
Langmuir 300 
303 
313 
323 
333 
57.14 
59.88 
65.79 
69.93 
69.93 
0.75 
0.85 
0.83 
1.01 
1.35 
0.99 
0.99 
0.99 
0.98 
0.96 
Freundlich 300 
303 
313 
323 
333 
30.54 
34.75 
37.12 
41.72 
44.95 
6.28 
7.22 
6.54 
6.92 
7.56 
0.85 
0.91 
0.92 
0.88 
0.89 
4. Conclusion 
Thorough pretreatment of TA modified bagasse may effectively convert bagasse to highly adsorbing 
material in terms of high percentage of color removal and COD reduction. The adsorption data fitted with 
pseudo-second order model, Langmuir and Freundlich isotherms.   
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